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AUTOMATIC MATERIAL MEASUREMENT
SYSTEM

FIELD OF THE INVENTION

The present invention relates generally to systems for
measuring linear dimensions of material, especially to sys-
tems used to measure the thickness and width of sheet stock.

BACKGROUND

A wide variety of end products are manufactured from
metal sheet stock, such as aluminum or stainless steel sheet
stock. For example, beverage cans and various automotive
parts such as radiator components and mufflers represent
such products. Typically, a rolling mill produces relatively
large diameter rolls of sheet stock that can vary in thickness
and width. An individual strip of sheet stock can be hundreds
or even thousands of feet long. The rolls of sheet stock are
shipped to a processing plant where the strip is cut to the
desired width and length. This product is wound into rolls
which are shipped to another processing plant where the
material is formed into the shape of the particular end
product.

The rolls of sheet stock received from the rolling mill are
placed on mandrels for processing. If it is necessary to create
multiple strips of sheet stock from the initial roll, the sheet
stock is typically fed to a machine containing upper and
lower arbors disposed in close proximity to one another,
with each arbor including rotary blades. Each rotary blade of
the upper arbor is laterally spaced by a relatively small
distance from the corresponding rotary blade of the lower
arbor, with this lateral spacing resulting in the width of a slit
between adjacent strips of material. Many strips can be cut
from a single width of sheet stock and the width of a given
strip can be relatively small, for instance to accommodate
the ultimate manufacture of top tabs of metal cans used to
contain beverages. The strip or strips of sheet stock are then
processed further, including cutting the strips to the desired
length.

It is necessary to very accurately measure the width of
each strip and the thickness of each strip, typically at
multiple locations across the width of the strip, for each roll
of sheet stock. For instance, the manufacturer of an end
product may require the thickness measurement of each strip
of sheet stock to be accurate within plus or minus 0.0003
inch.

The necessary width and thickness measurements of the
sheet metal strips can be obtained manually, with the sheet
metal stationary, using a vernier caliper to obtain width
measurements and a micrometer to obtain thickness mea-
surements. As may be appreciated, this can be a time
consuming process, particularly when considering the total
time required throughout a day when many rolls of sheet
stock are processed by a single production line, for example
50 or more rolls of sheet stock, and considering the fact that
it may be necessary to measure the width of multiple strips
for each roll and to measure the thickness at multiple
locations for each strip. This translates into significant cost
due to production line “down time” to obtain the necessary
measurements.

SUMMARY

According to an embodiment of the present invention, a
system is provided for measuring at least a thickness of a
strip of material, with the thickness extending between two
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oppositely facing surfaces of the strip of material, and the
strip of material further having a width. The system com-
prises a frame having an opening for receiving the strip of
material and a transport device coupled to the frame, with
the device being movable along the frame transverse to the
material. First and second distance-measuring sensors are
coupled to the transport device for synchronous movement
across the frame transverse to the material, with each of the
first and second sensors positioned proximate a respective
one of the oppositely facing surfaces of the material when
the material is within the opening. The system further
includes a gauge block having two oppositely facing sur-
faces and a known thickness extending therebetween, with
the gauge block coupled to the transport device for move-
ment with the first and second sensors along the frame. The
gauge block is movable between a measuring position
wherein the gauge block is positioned between the first and
second sensors and a stowed position wherein the gauge
block is positioned out from between the first and second
sensors.

In various embodiments, the system of the present inven-
tion can include one or more of the following features. The
first and second sensors can be energy beam emitting
sensors, for example light emitting lasers. The first and
second sensors are operable for measuring the respective
distances from the first and second sensors to the oppositely
facing surfaces of the strip of material, when the strip of
material is within the opening and the gauge block is in the
stowed position, and are operable for measuring the respec-
tive distances from the first and second sensors to the
oppositely facing surfaces of the gauge block when the strip
of material is absent from the opening and the gauge block
is in the measuring position.

The system can further include an arm pivotally coupled
to the transport device and a gauge block secured to a distal
end of the arm. A pair of rails can be secured to the frame,
and each of the sensors are movable along one of the rails.
The transport device can include upper and lower carriages,
each being movable along a respective one of the rails across
the width of the strip of material. The first sensor is then
mounted on one of the carriages and the second sensor is
mounted on the other carriage.

The system can further include a moving device coupled
to the upper and lower carriages of the transport device and
operable for moving the carriages and the first and second
sensors synchronously along the rails across the strip of
material. The moving device can comprise a motor having a
rotatable output shaft and upper and lower gears coupled to
the shaft for rotation therewith, with the moving device
further comprising a pair of serrated belts, with each of the
belts engaging one of the upper and lower gears and secured
to one of the upper and lower carriages. The belts are
effective for transforming rotation of the upper and lower
gears into the linear movement of the upper and lower
carriages and the first and second sensors along the rails.

The system can further include third and fourth sensors,
each coupled to a respective one of the upper and lower
carriages for movement along the rails across the width of
the strip of material. The third and fourth sensors are
effective for detecting the edges of the strip of material.

The system can further include an optical reader to
measure a horizontal distance of the first and second sensors
from either one of the edges of the strip of material. The
optical reader can include a linear scale secured to the frame
and extending horizontally across the frame and can further
include a reader head coupled to the linear scale. The system
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can include a controller, with the first, second, third and
fourth sensors, and the optical reader and the moving device
coupled to the controller.

The system can further include a second frame spaced
apart from the first frame, with the second frame also having
an opening for receiving the strip of material. A clamp can
be movably mounted on the second frame between retracted
and extended positions, with the clamp exerting a clamp
load on the strip of material when the material is within the
opening of the second frame and the clamp is in the extended
position.

According to another embodiment of the invention, a
method is provided for measuring at least a thickness of a
strip of material, with the thickness extending between two
oppositely facing surfaces of the strip of material. The
method comprises coupling first and second spaced sensors
to a frame, for movement along the frame, with the frame
defining an opening for receiving the strip of material, and
positioning a gauge block between the first and second
sensors, with the gauge block having two oppositely facing
surfaces and a known thickness therebetween. The method
further comprises moving the sensors and the gauge block
along the frame across a width of the opening of the frame
without the strip of material present in the opening, and also
measuring a first distance between the first sensor and one of
the two oppositely facing surfaces of the gauge block and
measuring a second distance between the second sensor and
the other of the oppositely facing surfaces of the gauge block
at each of a plurality of locations along the frame across the
width of the opening. Additionally, the method includes
summing the first and second distances at each location and
subtracting the sum from a reference value, and creating a
deflection profile as a function of horizontal distance along
the frame. The method also includes removing the gauge
block out from between the first and second sensors; insert-
ing the strip of material in the opening; measuring the
thickness of the strip of material with the sensors at each of
the plurality of locations along the frame where the thick-
ness of the gauge block was measured; and correcting the
measured values of the thickness of the strip of material with
the deflection profile.

According to other embodiments of the present invention,
the method can include one or more of the following:
coupling the first and second sensors to first and second
carriages movable along the frame transverse to the material
when the material is present within the opening; and pivot-
ally coupling an arm to one of the upper and lower carriages
and securing the gauge block to a distal end of the arm,
wherein the gauge block is pivotable between a stowed
position wherein the gauge block is out from between the
first and second sensors and a measuring position wherein
the gauge block is positioned between the first and second
sensors.

Additionally, the method can include coupling a third
sensor to one of the upper and lower carriages and a fourth
sensor to the other of the upper and lower carriages for
movement with the upper and lower carriages along the
frame; using the third and fourth sensors to detect the two
edges of the strip of material defining a width extending
between the two edges; and measuring a horizontal distance
from a reference location to each of the two edges, thereby
determining the width of the strip of material. The method
can also include the step of using an optical reader to
measure the horizontal distances along the frame from a
reference location.
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BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become better understood with
regard to the following description, appended claims and
accompanying drawings wherein:

FIG. 1 is a side elevation view illustrating an automatic
material measurement system according to one embodiment
of the present invention;

FIG. 2 is a front elevation view of the system shown in
FIG. 1,

FIG. 3 is a cross-sectional view taken along line 3-3 in
FIG. 2,

FIG. 4 is a fragmentary front elevation view of the system
shown in FIGS. 1-3 illustrating two of the included sensors
of the system positioned to detect a lateral edge of a strip of
material positioned within a frame opening of the system;

FIG. 4A is a cross-sectional view taken along line 4A-4A
in FIG. 4;

FIG. 5 is a view similar to FIG. 4, but with another two
of the included sensors of the system in a position to
measure the thickness of the strip of material;

FIG. 6 is a view similar to FIG. 4, but with a translatable
gauge block positioned between two of the sensors and the
strip of material removed from the frame opening;

FIG. 7 is a schematic representation of the operation of
the system shown in FIGS. 1-6; and

FIG. 8 is a graph of a deflection profile that can be
developed using the system shown in FIGS. 1-7.

DETAILED DESCRIPTION

Referring now to the drawings, FIG. 1 illustrates an
automatic material measurement system 10 according to the
present invention. System 10 is used to measure one or both
of'the thickness and width of a strip, or strips, of material 12,
for example a strip of sheet metal such as aluminum or
stainless steel. System 10 is not limited to measuring the
width of strips of metal, but can also be used to measure the
width of a strip of any other solid material and can also be
used to measure the thickness of virtually any other solid
material.

The strip of material 12 can be sent from a rolling mill, in
the form of a roll of material such as roll 18 in FIG. 1, to an
intermediate facility containing system 10 for further pro-
cessing. The initial length of the strip of material 12 on roll
18 can be very large, for example hundreds or even thou-
sands of feet long. The edges of the strip of material 12 can
be trimmed prior to measurements made using system 10, to
trim off rough or uneven edges as it is received from the
rolling mill. Also, the strip of material 12 can be cut
longitudinally to create one or more additional strips of
material, and the strip of material 12 may or may not be cut
to the desired length prior to taking measurements with
system 10. If the strip of material 12 is cut into a plurality
of'strips, system 10 can be used to measure the thickness and
width of each strip. Although system 10 can be used to
measure a plurality of laterally spaced strips of material 12,
the features and operation of system 10 will be discussed
further herein with regard to a single strip of material 12.

The material is un-wound as it moves toward and through
frames 14 and 16. After the material 12 is measured using
system 10, the material is re-wound into a roll 20. The
material 12 can then be processed further by other equip-
ment (not shown) for cutting the strip of material 12 to the
desired length and to perform other operations, such as
leveling the strip of material 12 to ensure that it is suffi-
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ciently flat before the material 12 is sent to the facility
making the final product. This equipment is not part of the
present invention.

System 10 includes a frame 14 and a frame 16 spaced
apart from one another, such as shown in FIG. 1, to
mechanically isolate frame 14 from frame 16 for a subse-
quently discussed purpose. Frame 14 includes a base indi-
cated generally at 22, that can have a variety of configura-
tions and can be positioned on a floor or other support
surface in a facility. As shown in FIG. 2, frame 14 further
includes a bottom, horizontally extending member 24 sup-
ported by base 22 and first 26 and second 28 side members
that extend upwardly from base 22. Frame 14 also includes
a horizontally extending top member 30, with side members
26 and 28 interconnecting the top 30 and bottom 24 mem-
bers. The top member 30, bottom member 24 and side
members 26 and 28 of frame 14 define an opening 31 that
is suitable for receiving a strip or strips of material 12
therethrough.

As shown in FIGS. 2-6, an upper rail 32 is secured to the
top member 30 of frame 14 by conventional means such as
fasteners, and a lower rail 34 is secured to the bottom
member 24 of frame 14 by conventional means such as
fasteners. Each of the rails 32, 34 include a raceway to
accept roller bearings (not shown) included in bearing
blocks secured to the subsequently discussed carriages.

System 10 further includes a transport device, indicated
generally at 36, that is coupled to the frame 14 and is
movable along frame 14 transverse to the strip of material
12. The transport device 36 includes an upper carriage 38
and a lower carriage 40. As best shown in FIG. 3, the upper
carriage 38 can include a mount block 42 and a bearing
block 43 secured to mount block 42 by conventional means.
The bearing block 43 includes a plurality of roller bearings
(not shown) that engage the raceway formed in rail 32 so
that carriage 38 can move along rail 32 across frame 14
transverse to the strip of material 12. Carriage 38 can also be
movably coupled to rail 32 by other conventional means.
Similarly, the lower carriage 40 can include a mount block
44 and a bearing block 45 secured to mount block 44 by
conventional means. The bearing block 45 includes a plu-
rality of roller bearings (not shown) that engage the raceway
formed in rail 34 so that carriage 40 can move along rail 34
across frame 14 transverse to the strip of material 12.
Carriage 40 can also be movably coupled to rail 34 by other
conventional means. The construction and features of bear-
ing blocks, such as bearing blocks 43 and 45, and the
associated raceways, are known in the art. For example,
known linear motion systems can be used for rail 32 and the
associated bearing block 43 as well as rail 34 and the
associated bearing block 45. One suitable linear motion
system that can be used is the Model THK HRW27 linear
motion system made by THK, Inc.

System 10 can further include a moving device indicated
generally at 46, that is coupled to the upper carriage 38 and
the lower carriage 40 and is operable for moving carriages
38 and 40 along upper rail 32 and lower rail 34, respectively,
transverse to the strip of material 12. The moving device 46,
as best shown in FIGS. 2 and 3, includes a motor 48 and a
rotatable shaft 50 coupled to motor 48 and can further
include a gearbox 49 coupled to motor 48 and rotatable shaft
50. An upper gear 52 and a lower gear 54 are coupled to shaft
50 for rotation with shaft 50. As best shown in FIGS. 2 and
4-6, an upper serrated belt 56 engages upper gear 52 and has
a first end 60 secured to the upper carriage 38 at a first
location and a second end 62 secured to carriage 38 at a
second location that is laterally or horizontally spaced from
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the first location. Between the first 60 and second 62 ends,
the belt 56 loops around the opposite side of frame 14. A
lower serrated belt 64 engages lower gear 54 and has a first
end 66 secured to the lower carriage 40 at a first location and
a second end 68 secured to carriage 40 at a second location
that is laterally or horizontally spaced from the first location
on carriage 40. Between the first 66 and second 68 ends, the
belt 64 loops around the opposite side of frame 14. Belts 56
and 64 are effective for transforming the rotation of gears 52
and 54 into linear movement of the upper carriage 38 and
lower carriage 40 along the upper rail 32 and lower rail 34,
respectively, and therefore along frame 14 and transverse to
the strip of material 12 when the material 12 is positioned
within the opening 31 defined by frame 14.

Since the gears 52 and 54 are both coupled to shaft 50 and
they have the same diameter and pitch, the moving device 46
moves the upper carriage 38 and lower carriage 40 of the
transport device 36 synchronously across frame 14. A first
distance-measuring sensor 70 is mounted to the upper car-
riage 38, for movement therewith across the frame 14, by
conventional means such as fasteners (not shown). A second
distance-measuring sensor 72 is mounted to the lower car-
riage 40, for movement therewith across frame 14, by
conventional means such as fasteners (not shown). Accord-
ingly, the sensors 70 and 72 move synchronously across
frame 14 transverse to the strip of material 12 when it is
present within opening 31. Each of the sensors 70 and 72 are
electrically coupled to a controller, such as a programmable
logic controller 74 (shown in FIG. 7). The sensors 70 and 72
are spaced apart vertically by a known distance, and each of
the sensors are energy beam emitting sensors. For example,
each of the sensors 70 and 72 can be light emitting lasers.
One suitable laser that can be used for sensors 70 and 72 is
the Model LK-G87 laser made by the Keyence Corporation
with each of the sensors 70 and 72 including a transmitter
and a receiver. However, other lasers and energy beam
emitting sensors can be used within the scope of the present
invention. The remaining discussion herein will be consis-
tent with the use of light-emitting lasers for sensors 70 and
72.

The upper sensor 70 is positioned above and proximate a
first, upwardly facing surface 76 of the strip of material 12
when it is present within the opening 31 of frame 14. The
lower sensor 72 is positioned below and proximate a second
oppositely facing surface 78, that is facing downwardly, of
the strip of material 12 when it is present within the opening
31 of frame 14. The upper sensor 70 is operably effective for
measuring the distance between the upper sensor 70 and the
upper surface 76 of the strip of material 12, as subsequently
discussed. Similarly, the lower sensor 72 is effective for
measuring the distance between the lower sensor 72 and the
surface 78 of the strip of material 12.

In the embodiment shown, another sensor 80 is mounted
to the upper carriage 38 of the transport device 36, by
conventional means such as fasteners (not shown). Simi-
larly, another sensor 82 is mounted to the lower carriage 40
of the transport device 36, by conventional means such as
fasteners (not shown). The sensors 80 and 82 move syn-
chronously along frame 14 transverse to the strip of material
12 when it is present within the opening 31 of frame 14.
Each of the sensors 80 and 82 are energy beam emitting
sensors and are electrically coupled to the controller 74. The
sensors 80 and 82 can be light-emitting lasers. One suitable
laser that can be used for sensors 80 and 82 is the Model
LVHI100 laser made by the Keyence Corporation. However,
other lasers and energy beam emitting sensors can be used
within the scope of the present invention. The remaining
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discussion herein will be consistent with the use of light-
emitting lasers for sensors 80 and 82. One of the sensors 80
and 82 is a transmitter while the other of the sensors 80 and
82 is a receiver. The sensors 80 and 82 are operably effective
for detecting the lateral edges 84 and 86 of the strip of
material 12 when it is present within the opening 31 of frame
14, as subsequently discussed. The strip of material 12 can
be positioned within the opening 31 of frame 14 so that
sensors 80 and 82, as well as sensors 70 and 72, move in a
direction across the strip of material 12 that is substantially
perpendicular to the edges 84 and 86 of the strip of material
12.

Control cables for sensors 70 and 80 can be routed along
the front side of frame 14 through a flexible conduit 73, then
through frame 14 to controller 74. Similarly, the control
cables for sensors 72 and 82 can be routed along the front
side of frame 14 through another conduit 73, then through
frame 14 to controller 74.

A linear distance measuring device 87 can be used to
measure the horizontal distance from a reference location to
any location along frame 14 within the range of the linear
distance measuring device 87. In the embodiment shown,
the linear distance measuring device 87 is an optical reader.
However, other linear distance measuring devices, such as
those using transducers, can be used within the scope of the
invention. One suitable optical reader that can be used is the
Model CX 2445 optical reader made by Fagor. The optical
reader 87 is electrically coupled to the controller 74 and
includes a linear scale 88 that can be mounted by conven-
tional means such as fasteners (not shown) to either the
bottom member 24 or the top member 30 of frame 14 and a
reader head 90 coupled to scale 88 and mounted on the
corresponding one of the lower 40 and upper 38 carriages.
In the illustrative embodiment, the linear scale 88 is
mounted on the top member 30 of frame 14 and extends
horizontally across frame 14, and the reader head 90 is
mounted on the upper carriage 38 of the transport device 36.

In the embodiment shown, linear scale 88 includes an
elongate piece of glass having a plurality of horizontally and
equally spaced notches formed therein, such as by etching.
The reader head 90 includes a light source, such as a light
emitting diode (not shown) positioned on one side of the
linear scale 88 and a sensor (not shown) positioned on the
other side of the linear scale 88. As the reader head 90
traverses along scale 88 across frame 14 the reader head 90
senses the presence of the notches in scale 88 as light is
passed laterally through the elongate piece of glass of scale
88 by the light emitting diode of reader head 90 and is
received by the sensor of reader head 90. When the reader
head 90 senses each notch, an electrical pulse or signal is
sent to the controller 74. The controller 74 counts the
number of electrical pulses and, given the known spacing
between the notches on the piece of glass of scale 88, can
calculate the horizontal distance from a reference location to
any location along frame 14, within the horizontal range of
optical reader 87.

Referring to FIG. 1, a clamp 92 is movably mounted on
frame 16 between retracted and extended positions. The
frame 16 defines an opening 94 for receiving the strip of
material 12 therethrough. During normal operation, the
clamp 92 is spaced apart, typically above, the strip of
material 12, as it moves through frames 14 and 16. However,
when it is desired to measure the width of the strip of
material 12, an actuating device 96, which can include one
or more hydraulic cylinders, lowers the clamp 92 so that it
is in contacting and clamping engagement with the strip of
material 12. This is done to prevent the strip of material 12
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from moving and to hold it flat during the width measuring
process so as to ensure an accurate measurement of the
width of the strip of material 12. It is not necessary to have
the clamp 92 lowered into contacting and clamping engage-
ment with the strip of material 12 during the process of
measuring the thickness of the strip of material 12, although
this is permissible. Since frame 14 is mechanically isolated
from frame 16, the actuation of clamp 92 does not cause
frame 14 to deflect and accordingly, actuation of clamp 92
does not adversely affect the distances measured by sensors
70 and 72. The actuating device 96 is electrically coupled to
controller 74 and can include one or more hydraulic actua-
tors, or other conventional actuators.

The operation of system 10 can be illustrated further with
reference to FIG. 7 in addition to FIGS. 1-6. When it is
desired to measure the thickness and width of the strip of
material 12, the movement of the strip of material 12 is
stopped and it is present within the opening 31 of frame 14
and the opening 94 of frame 16. The thickness and width
measurements are made automatically by controller 74 as a
result of the electrical coupling of controller 74 with various
components of system 10 as discussed previously. When the
thickness and/or width measurements are desired, the opera-
tor of system 10 signals controller 74 to initiate the mea-
surement process.

If width measurements are desired, controller 74 signals
the actuating device 96 to lower clamp 92 to the extended
position where it is in contacting engagement with the strip
of' material 12 so that a clamping force is exerted on the strip
of material 12, thereby preventing it from moving. The
controller 74 then signals the motor 48 of moving device 46
to start so that the upper 38 and lower 40 carriages are
moved across frame 14 transverse to the strip of material 12.
The controller 74 activates the sensors 80 and 82 so that a
light beam is transmitted from one of the sensors 80 and 82
and is received by the other of the sensors 80 and 82 when
the sensors 80 and 82 are horizontally spaced from the strip
of material 12. However, when the light beam is interrupted
by one of the edges 84, 86 of the strip of material 12, a signal
is sent to controller 74, which in turn determines the
horizontal distance from a reference location to the edge 84
or 86 based on the output of the optical reader 87. The
reference or “home” location can be any structure located at
a known horizontal location along frame 14. In one embodi-
ment, a limit switch (not shown) is mounted on one of the
side members 26 and 28 of the frame 14, with the location
of the switch being the reference location. When one of the
carriages 38 and 40 contacts the limit switch, the output of
linear scale 88 is set to zero. After the second one of the
edges 84 and 86 is detected and the horizontal distance from
the reference location to this edge has been measured, the
distance to the edge 84 or 86 that is closest to the reference
location is subtracted from the distance from the reference
location to the edge 84 and 86 that is the farthest away from
the reference location, thereby determining the width of the
strip of material 12.

When it is desired to measure the thickness of the strip of
material 12, typically at a plurality of horizontally spaced
locations across its width, the controller moves the carriages
38 and 40 to the desired horizontal location and activates
sensors 70 and 72. The upper sensor 70 transmits a beam of
light to the upper surface 76 of the strip of material 12. The
light is reflected off of the surface 76 back to a receiver (not
shown) of the sensor 70, with the “time of flight” of the light
beam measured and transmitted to controller 74. Given the
known speed of light, the distance between sensor 70 and
surface 76 is calculated. The controller 74 determines the
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horizontal distance from the reference location to the loca-
tion where the thickness is being measured based on the
output of linear scale 88. The distance between the lower
sensor 72 and the lower surface 78 is measured in the same
way, with a light beam, or other energy beam, being trans-
mitted from sensor 72 to surface 78 and reflected back to a
receiver (not shown) of sensor 72. Sensors 70 and 72 are
spaced apart vertically on frame 14 by a known distance.
The thickness of the strip of material 12 is calculated by
summing the distance from sensor 70 to surface 76 with the
distance from sensor 72 to surface 78, and then subtracting
the resultant sum from the known distance between sensors
70 and 72. This process is repeated at a plurality of hori-
zontal locations across the width of the strip of material 12.
The horizontal locations can include locations proximate
each of the edges 84 and 86 of the strip of material 12 and
a location approximately half way between edges 84 and 86.
However, the thickness can be measured at any combination
of horizontal locations across the width of the strip of
material 12.

The width of the strip of material 12 can be determined as
the carriages 38 and 40 move in a first direction across frame
14, with the thickness of the strip of material 12 being
measured at a plurality of horizontal locations as the car-
riages 38 and 40 move in the same or opposite direction
across frame 14, i.e., during the same excursion of carriages
38 and 40 across frame 14 or during the return excursion
across frame 14. A stationary gauge plate 98 is fixedly
secured to side member 28 of frame 14 and is positioned
proximate opening 31. Each time the carriages 38 and 40
move across frame 14 toward side member 26, the sensors
70 and 72, as well as the sensors 80 and 82, traverse across
gauge plate 98. Gauge plate 98 has a known thickness and
a known width between opposite lateral edges. Plate 98 can
also have one or more slots 99 formed therein. Accordingly,
by measuring the thickness of the gauge plate 98 using
sensors 70 and 72, and comparing the measured thickness to
the known thickness of plate 98, a calibration of sensors 70
and 72 can be achieved. Similarly, by comparing the width
of plate 98 measured by sensors 80 and 82 to the known
width of plate 98, or by comparing the measured distance
between one of the edges of plate 98 and one of the
optionally included slots 99 in plate 98, to the corresponding
known distance, sensors 80 and 82 can be calibrated. These
calibrations of sensors 70, 72, 80 and 82 can be completed
for each measurement cycle. A second gauge plate 98 (not
shown) can be included and fixedly secured to side member
26 of frame 14.

While the foregoing periodic calibration of sensors 80 and
82, in conjunction with one or more plates 98, is sufficient
to ensure an accurate measurement of the width of the strip
of material 12, calibration of sensors 70 and 72 using one or
stationary plates 98, is not sufficient to ensure an accurate
measurement of the thickness of the strip of material 12,
across its width, for the following reasons. As may be
appreciated by one skilled in the art, the top member 30 and
bottom member 24 of frame 14 can deflect relative to one
another, by varying amounts across frame 14. These relative
deflections can be caused by static loads acting on members
24, 30 and thermal expansion or contraction of members 24,
30. This relative deflection of members 24, 30 can be several
thousandths of an inch, for example about seven thousandths
of an inch. When the required accuracy of thickness mea-
surement is a few ten thousandths of an inch, it can be
appreciated that the relative deflection of members 24 and
30 prevent the measurement of the thickness of the strip of
material 12 within the required accuracy. The calibration of
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sensors 70 and 72 using the stationary gauge plate or plates
98, positioned at one or both sides of the opening 31 of
frame 14, does not provide a correction for the thickness
measurements made across the width of frame 14 for the
relative deflection of members 24, 30 of frame 14.

However, system 10 does correct for the relative deflec-
tion of members 24, 30 so that the thickness of the strip of
material 12 is made within the required accuracy across the
width of the strip of material 12. In the illustrative embodi-
ment, the measured values of the thickness of the strip of
material 12 are corrected with a deflection profile created by
using a gauge block 100 that is coupled to the transport
device 36 for movement with sensors 70 and 72 across frame
14. In the illustrative embodiment, the gauge block 100 is
coupled to the upper carriage 38 of the transport device 36,
but gauge block 100 can also be coupled to the lower
carriage 40.

In the illustrative embodiment, an arm 102 is pivotally
coupled to the upper carriage 38 by conventional means
such as a pin 103 passing through a proximal end 104 of arm
102 into carriage 38. The gauge block 100 is secured to, or
clamped between, a distal end 106 of arm 102. When the arm
102 is pivoted upwardly (as shown in FIGS. 4 and 5), such
that the gauge block 100 is in a stowed position, gauge block
100 is not between sensors 70 and 72. When the arm 102 is
pivoted downwardly (as shown in FIG. 6), the gauge block
100 is in a measuring position between sensors 70 and 72.
The gauge block 100 has a known thickness, as determined
by the National Institute of Standards, extending between a
first surface 108, which is an upper surface when block 100
is in the measuring position, and a second surface 110, which
is a lower surface when gauge block 100 is in the measuring
position.

A deflection profile 112, shown in FIG. 8, is created as
follows. The strip of material 12 is removed from the
opening 31 of frame 14 to avoid interference with arm 102
as the arm 102 moves across frame 14 between sensors 70
and 72. The controller 74 signals motor 48 to start, causing
carriages 38 and 40 to move to a first horizontal location
along frame 14. The controller then activates sensors 70 and
72. Accordingly, a light beam is transmitted from sensor 70
to the upper surface 108 of gauge block 100 and is reflected
back to sensor 70. Similarly, a light beam is transmitted from
sensor 72 to the lower surface 110 of gauge block 100 and
is reflected back to sensor 72.

The measured distance from sensor 70 to surface 108 is
added to the measured distance from sensor 72 to surface
110 and the resultant sum is subtracted from the known
vertical distance from sensor 70 to sensor 72 to give a
measured value of the thickness of gauge block 100. The
actual thickness of gauge block 100 is then subtracted from
the measured thickness of gauge block 100 with the differ-
ence being the relative deflection of members 24 and 30 of
frame 14. The foregoing calculations are performed by
controller 74. The controller 74 also determines the hori-
zontal distance from a reference location to the horizontal
location along frame 14 where the thickness of gauge block
100 was measured using the output from scale 88. This
distance and the calculated relative deflection between mem-
bers 24 and 30 produces one point of the deflection profile
112. This process is repeated at a plurality of predetermined
horizontal locations along frame 14 so that the deflection
profile 112 is developed.

Subsequently, the measured thicknesses of the strip of
material 12 can be corrected using the deflection profile 112
to develop a thickness profile of the strip of material 12
across its width, with significantly improved accuracy.
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While the foregoing description has set forth one or more
embodiments of the present invention in particular detail, it
must be understood that numerous modifications, substitu-
tions and changes can be undertaken without departing from
the scope of the present invention as defined by the ensuing
claims. The invention is therefore not limited to specific
embodiments as described, but is only limited as defined by
the following claims.

What is claimed is:

1. A system for measuring at least a thickness of a strip of
material, with the thickness extending between two oppo-
sitely facing surfaces of the strip of material, the strip of
material further having a width, said system comprising:

a frame having an opening for receiving the strip of

material;

a transport device coupled to said frame, said transport
device being movable along said frame transverse to
the strip of material;

first and second distance-measuring sensors coupled to
said transport device for synchronous movement across
said frame transverse to the strip of material, each of
said first and second sensors positioned proximate a
respective one of the oppositely facing surfaces of the
strip of material when the strip is within the opening;
and

a gauge block having two oppositely facing surfaces and
a known thickness extending therebetween, said gauge
block coupled to said transport device for movement
with said first and second sensors across said frame,
said gauge block being movable between a measuring
position wherein said gauge block is positioned
between said first and second sensors and a stowed
position wherein said gauge block is positioned out
from between said first and second sensors.

2. A system as recited in claim 1, wherein:

said first and second sensors are energy beam emitting
sensors and are operable for measuring the respective
distances from said first and second sensors to said
oppositely facing surfaces of the strip of material when
the strip of material is within the opening and said
gauge block is in said stowed position and are operable
for measuring the respective distances from said first
and second sensors to the oppositely facing surfaces of
the gauge block when the strip of material is absent
from the opening and said gauge block is in said
measuring position.

3. A system as recited in claim 1, further comprising:

an arm pivotally coupled to said transport device, said
gauge block being secured to a distal end of said arm.

4. A system as recited in claim 2, wherein:

each of said first and second sensors is a light emitting
laser.

5. A system as recited in claim 1, further comprising:

a pair of rails secured to said frame;

wherein each of said first and second sensors are movable
along a respective one of said rails.

6. A system as recited in claim 5, wherein:

said transport device includes upper and lower carriages,
each of said carriages being movable along a respective
one of said rails across the width of the strip of
material; and

said first sensor is mounted on one of said upper and lower
carriages and said second sensor is mounted on the
other of said upper and lower carriages.

7. A system as recited in claim 6, further comprising:

a moving device coupled to said upper and lower car-
riages of said transport device and operable for moving
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said carriages and said first and second sensors syn-
chronously along said rails across the strip of material.

8. A system as recited in claim 7, wherein:

said moving device comprises a motor, a rotatable shaft
coupled to said motor, and upper and lower gears
coupled to said shaft for rotation therewith, said mov-
ing device further comprising a pair of serrated belts,
each of said belts engaging a respective one of said
upper and lower gears and secured to a respective one
of said upper and lower carriages;

said belts effective for transforming rotation of said upper
and lower gears into linear movement of said upper and
lower carriages and said first and second sensors along
said rails.

9. A system as recited in claim 1, wherein the width of the

strip of material extends between first and second edges, and
said system further comprises:

third and fourth sensors each coupled to a respective one
of said upper and lower carriages for movement along
said rails across the width of the strip of material;

said third and fourth sensors effective for detecting the
edges of the strip of material.

10. A system as recited in claim 9, further comprising:

an optical reader effective for measuring a horizontal
distance of said first and second sensors from either one
of the edges of the strip of material.

11. A system as recited in claim 10, wherein:

said optical reader includes a linear scale secured to said
frame and extending horizontally across said frame,
said optical reader further including a reader head
coupled to said linear scale.

12. A system as recited in claim 10, further comprising:

a controller, wherein:

said first and second distance-measuring sensors, said
third and fourth sensors, said optical reader, and said
moving device are electrically coupled to said control-
ler.

13. A system as recited in claim 1, wherein said frame is

a first frame, and said system further comprises:

a second frame spaced from said first frame, said second
frame having an opening for receiving the strip of
material;

a clamp movably mounted on said second frame between
retracted and extended positions, said clamp exerting a
clamp load on the strip of material when the strip of
material is within the opening of said second frame and
said clamp is in said extended position.

14. A method for measuring at least a thickness of a strip

50 of material, with the thickness extending between two
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oppositely facing surfaces of the strip of material, said
method comprising:

coupling first and second spaced sensors to a frame for
movement along the frame, the frame defining an
opening for receiving the strip of material;

positioning a gauge block between the first and second
sensors, the gauge block having two oppositely facing
surfaces and a known thickness therebetween;

moving the sensors and the gauge block along the frame
across a width of the opening of the frame without the
strip of material present in the opening;

measuring a first distance between the first sensor and one
of the two oppositely facing surfaces of the gauge block
and measuring a second distance between the second
sensor and the other of the oppositely facing surfaces of
the gauge block at each of a plurality of locations along
the frame across the width of the opening;
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summing the first and second distances at each location
and subtracting the sum from a reference value;

creating a defection profile as a function of distance along
the frame;

moving the gauge block out from between the first and
second sensors;

inserting the strip of material in the opening;

measuring the thickness of the strip of material with the
sensors at each of a plurality of locations along the
frame; and

correcting the measured values of the thickness of the
strip of material with the deflection profile.

15. A method as recited in claim 14, further comprising:

coupling the first and second sensors to upper and lower
carriages movable along the frame transverse to the
material when the material is present within the open-
ing.

16. A method as recited in claim 15, further comprising:

pivotally coupling an arm to one of the upper and lower

5
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carriages and securing the gauge block to a distal end 20

of the arm, wherein the gauge block is pivotable
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between a stowed position wherein the gauge block is
out from between the first and second sensors and a
measuring position wherein the gauge block is posi-
tioned between the first and second sensors.

17. A method as recited in claim 14, wherein the strip of

material further includes a width extending between two
edges, said method further comprising:

coupling a third sensor to one of the upper and lower
carriages and a fourth sensor to the other of the upper
and lower carriages for movement with the upper and
lower carriages along the frame;

detecting the respective edges of the strip of material
using the third and fourth sensors;

measuring a horizontal distance from a reference location
to each of the two edges, thereby determining the width
of the strip of material.

18. A method as recited in claim 14, further comprising:

using an optical reader to measure horizontal distances
along the frame from a reference location.

#* #* #* #* #*
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